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(TPRFWL AR EY) TREE OSSR, Wil T3 315211)

WME: ARTOEBRTNER TV URLERENA AT a6 R AT HERN M,
BN E A ES LR RBURKE. PO 4 ANE R AT, B
MARBENSEEREALE. RELCEANMEFEEACa-ATPHRELE S H N H
o, RMARES @ FERABRIBFAMAERE S E AR AEERANDH. ERE

T, UEBTWHREER LGN TET23%. RIEF60 °C.

B R 4 he R

14 : I(mL/g), AWK MHTHRINEA346%; MARRERE T, MO ERF R
B, WARREE;, UNI0%TERFALELRERIARE, 2HAREOLEFMARELSE
25 = B 47 30.62% 32.80%, HUR 4 4 & & #h Ca”-ATPEE 75 oy T IR L2 A 41K
37.51%, MR KAKEMHKEL R ELMKIZ3.07%. HAREW, AEBTFEARLERE

B ENEAERANAKFLT K,
KA B
hE S S983.6; TS254.4

CLHMEAT (o-D-2F FUBE-2-H ) 2 FAAE T AT
# 1 ]1(Rhodophycophyta)# R4, STEFHE.
FEEEE T, LLEERET S AT IR T 1 0.8%~
6.1%" . ZLEERE T R B EE B E R
R, HAEFHRRIT s . W sE, feigiam
R B E R RBUR AR, BRI RS TR
2 L % K RS Y AR PR DT 9 Y I ) A 2T AE T
25 ST 0 440 M 2 KRS R o BRI R . H R
EL 8 T A I8 10 R B 7 Ml T 1 3 0 A DG 1Y
N AR D

5 A4 (Ctenopharyngodon idella) = KB, MAK,
SEENR KSR R K 2 —P i T BE
B CET . mAER . S RN
ERA, EFERZINH R F WS, B URMAEE
SR = Wl s 7N T | BV N i o X 7/ B
FE A0 BEVR VR T e A AL B Ik B A B AR v, 4R
R R ST, WNAEBE (Cyprinus carpio), % 3F fafh
BE )V VRN Tl B2 h S U g 30, ERe A
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A DL IE o
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FSIVER, B ML EETERRAaBE TR
VPRI E R RS

1 MRS Tk
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T FLAO N F AR BT, REARZ91500 g0
1.2 W EERUCLEFEFRRIZ

X 2T 3 W B BT 2 b i I R AR AT
b, e, B . CEEUR A . P U E
Ve 7 &, K Design-Expert 8.0.6. 1%k 1 f) Box-
Benhnkeni®{ 5 5 11 3, i FH 408 2. 37K - %) i i
5 BT, DAL B pE 15 38w il , X Hi 48
BT ZHAT AR D),

®1 WEESHEFRKEER

Tab.1 Factors and levels in response surface design

7 K levels

factors 1 0 1
#HJE/°C  temperature 65 70 75
FHE LL/(mg/mL)  ratio of material to liquid 1:5 1:10 1:15
LEIRIE/%  ethanol concentration 60 70 80
/M time 4 5 6

AT AORLAE | mmZE A R LM . 1]
FE i 1 1T 15 T 04 7 S E AT BE BL RN (n=3), ]I
JE VAR 12 000 r/minfS.0>15 min, B P& LL0.22 um
JENE T UE, H90% L NEW B JE L LC-MS (TSQ
Quantum Access, %[ Thermo Fisher Scientific/\ 7))
IR, ARAS LT R R R
1.3 &RRFIERRE

R SHIAEOEE . Lk, R LKW
JHESE ) - K BE - R R (F . 25 )R vE—
IKFEAT S ML (0% 2%, 5%. 10%)
R -3 0 —>-20 °C¥% k.

14 RAMEAIENNE

B BERE SOy, 4502 g, A3 B JE
WEBR 2% Wi (0.5 mol/L KCI1, 0.01 mol/L NaH,POy,,
0.03 mol/L Na,HPO,)FIk e & i 1k 22 i ¥ (0.025
mol/L NaH,PO,, 0.025 mol/L Na,HPO )W & . Hij
FZHh4E3 h, JFEE IR b5 010 min (8000
t/min, 4°C), LIEWIA 2 mL 15% B UT
W, BOJEEBUKE, 1 mol/L NaOHIA UL IE ,
SrUE BN RER, WMEEARS e, H
Hh i vk R R R AR VA B B P T e IR
VR T TR R IR BV 1 AR T D D A
mEEE,
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1.5 EAHEERBROE&

B2 gfu BERE S, AN 10 4% 2 20 mmol/L
Tris-maleateZZ & (pH 7.0, 0.05 mol/L KC1), W
Bl min, 9000 r/min 4 °C%.[>10 min, 7 F¥5W,
ULIVE N A 3G & 120 mmol/L Tris-maleateZs i1 VK
(pH 7.0, 0.6 mol/L KCI), #FEE] minj& 7E4 °CHzHL
HYAPEE AL, B0 10 min (9000 r/min, 4 °C),
I W LR AT 4 s
1.6 HESEMNE

0.4 mL_F- AR L 2F 4 2 111 A 3.6 mL 50 mmol/L
W1 49 2% #P% (10 mmol/L EDTA, 0.6 mol/L KCI,
8mol/LIRZE, pH7), Ml 0.4 mL 0.1% 5, 5'- i
RAQ-HE) AR TR, WK AE 40 °CLR R 25 min,
FEW AL 412 neb I e WOGAE,  JBE IR 2R A 13 600
L/(mol-cm)!", Fide i (SHF LA N ATHE

SH/(mol/g pro)=(A4xn)/(exp)

Ko, A: 412 nmiE KA SRS s ne FRREAEEL
e: FE/RWOEZE$13 600 L/(mol-cm); p: K
JoT 5 e (mg/mL)

1.7 ABEF%HE B Ca™-ATPESE N E

2% ATPREERS A7) & 5 32 0 s (0 F 7 5
R A T RIS P
1.8 {RIKMEME

P R EERE R TE IR T AR TR, X
TERA WK AERN, R KSRt 5
R, IHEAK:

i R R 7K 2R (Yo) =Tk 2 ) T 1 /Y8 VR R IR A
Hx100
1.9 BUEES

G imean+SD#E /R (n=3), R FISPSS
1308 1 (1 ANOV AHEAT B (K 38 Jr 22 43 BT (One-
Way ANOVA), A It 3% 22 5 1Y & 1 H post-hoc
testingi/F 17 2l , P<0.0502= 5% 3,

2 g

21 OEBEEHERIZHML

M JO7 17 3 AT 45 R UL 2. 12 I Design-Expert
8.0.6. 15 Fxf SLH 45 R AT Z T M A&, k75
EYEY g
y=2.9882+0.10704+0.4698B-0.1150C+0.0989D+
0.02184B+0.083364C-0.02624D+0.1111BC-0.2318



24 PRI, SF: ZLEEHE Y RO BRI R HOur B A £ B BT R B Y 5 313

x2 MEESIHTHRERIERER

Tab.2 Response surface design arrangement and experimental results

A RIGEE B: BRf L C: L D: I i) PR A%
extracting temperature solid-liquid ratio ethanol concentration extracting temperature extraction ratio
0 0 -1 1 2912
1 -1 0 0 2.046
0 1 0 1 3.202
-1 0 -1 0 2.526
-1 1 0 0 2.811
0 -1 1 0 1.489
0 0 0 0 3.215
0 0 0 0 2.990
0 1 1 0 2.920
-1 0 0 -1 2.440
1 0 -1 0 2.684
0 0 1 -1 2.811
0 0 0 0 3.184
-1 -1 0 0 2.083
-1 0 1 0 2.160
0 1 0 -1 3.406
0 -1 -1 0 2.115
1 0 0 1 3.070
0 0 -1 -1 3.062
0 -1 0 1 2.827
0 0 0 0 2.878
1 0 0 -1 2.802
-1 0 0 1 2.812
0 0 1 1 2.989
0 0 0 0 2.675
0 1 -1 0 3.102
1 0 1 0 2.652
0 -1 0 -1 2.104
1 1 0 0 2.861

BD+0.0820CD—0.28774°-0.2854B°~0.2284C*+
0.1487D°,

AR RN N 3 (“Pr>F”{<0.01); &l
A B2 (“Pr>F”{H=0.7225>0.05), i85 &%t
S LG BT o R A R R ) Y A2 B R AT i
AT R v e L AT ESA S TSR

R 4l 12 e o7 T 43 AT, A B £ OB T Y B
P TN OB ET2.3% ., $RBURF60 °C., 2
HUmta 4 h, WRHG14 0 1 (mL/g), TEZ T LT,
CTHMETT I FR B 1 3.46% . R I S 110 T 47
P, RS SRR U R EAT R SE 8, 3
UOPAT LB A5 B P B R R R 3.13%, 5 i
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Fig. 1 Response surface curve of effect of factors on extraction of floridoside

ERH220.33%, BiAA %5 125 LB Ol 9 F0 5 1
R,

22 AEBENRFERGDHRAMELSE
A

1E-20 °CY VRA , 10 B A 1 7R 1 2 R B
v VRN 0 B IR T R I, T T 4T

12 -
=10 o
=3
an =
ES g
I ©
m& ©
B2
#E 4
&3
ﬁa—g >

0

R M EE R ER VA T R AR XS 2218, R
B2~48, 5% 10%ZT ST AL BAR T2 A4
(P<0.05). MO R4S, 25 A py R A
G TIET79.57%+0.43%, TMHHEM2%. 5%.
10%ZT F AT 1) £ £ BE 1Y T [ 340 1) R 68.11 %+
330%. 49.31%+2.92%. 47.74%+0.48%. {H4H LIS,
ST BEME 0T V8 UR £ BE TR 52 N B I (12)

mo 2% MWs5% W10%

T VRIS 7]/ ]

frozen storage time

E2 ZEaaRlAMERSETK
LRB AL, *.P<0.05, **.P<0.01; 5 ARBMLETAHLL, #.P<0.05##.P<0.01; T[H

Fig.2 The changes of salt-soluble protein content in C. idella during frozen storage

*. P<0.05, **. P<0.01, versus control group without storage; #. P<0.05, ##. P<0.01, versus control group without adding floridoside;the same below
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23 AEBEEMNAFERNNEAEZDS
HESENEN

LR 2T 2 25 1 v S i £ Bl BE ¥4 VR 15 [R]
FEA RS, A AL SR OfH i) T B4 88.56%+
0.28%, T 2L 3 M Y IS INRE D22 T %, JF Wk
JERREE R, WNZS FIALAE MG JE N R B3 R 53.66%+
0.75%, 1M 10%ZT 305 17 AL BELZ 1 B R /by
28.09%+0.94% (P<0.01), = Xt HE4125.57% (13)-
ZEBORINT, 10%Z1 30 1 Ak 25 4 ) LI 47 4 2
H S A S T2 HEA17.65%.
24 AEHEENAFEENINESEEZR
Ca”-ATPES E MBI 52 M

BE YA RN IE K, Ca®'-ATPEETE PR T
FEFaSA 4y, TR RITIRAT2E , 454l Ca™'-

14 -

12
10

IS H/(10° mol/g pro)
sulthydryl content

A2
I

(=S o

ATPREGGPE G T [, 25 FTALAY R B4 4160.02%+
1.92%, T VS I 21 350 1 Re 4 i Ca® - ATPG 1
AT R . P 10%E0 3l 1 2H 19 R 4 35.32%+
1.42%, 25 40 5 H24.70% (P<0.01); #56JH ,
25 4 R FEH 993.10%+0.94%, 1] 10%2L 5 1
%) 61 JBE Ca’ - ATPREG TG 1E J2& A VR VR T 1934.65%, L
2% 4 T 27.75% (P<0.01),

2.5 LUEBEENRFERARKEENZME

B V4 VR IS 0] A A8 b, £ JBE B A R 2R KR
SR, TSN T T M ) £ B 1Y) 1 = B
B/ANFRE AN, N2, 2 A miRkoK
RO, AN T L0 A £ B A A
RARE F TR B N 1%, BN, JKIKFE
BRI T 25 1 41 18.94% (P<0.01)(815).

W 10%

Ho M 2%

W 5%

7o VRIS 18]/

frozen storage time
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Wk
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The changes of sulfhydryl content in C. idella during frozen storage
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P RIS [/ )

frozen storage time
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Fig. 4 The changes of Ca’*-ATPase activity in C. idella during frozen storage
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R 2 A 25 R A o e, B s (k2
SHRT S Bl TR M B R UL AF 4 2K 1 G 2 1)
SERY, R (R RRE . LA (b R A
BRI, Ca®-ATPEFE MRSk . A%
FE AR, O S e fh BE VA VR L R R O T
AR EES B, AR, Wk R T
A BEMER IR EASE . NRGHEEAC -
ATPRGTE PE S S H N 24

ST PR BET 4T S A B B R Y
CSEE MR R E RS, Wk, Rl
RE 5 6 S0 0 PR HLERAR L, BEE R (AL T
RS, R B S oK 43, DA A R0 R IR 2R 1 o
AR VRS ARBIETE 2, 20 W RE S I 28 R IR
BEEM T WEARABES T ®N TR,
By TEARMEE K, Bk EA R, N
i Ca™ -ATPREGE () T B, 400 il £ B 75 fit
VRE R K BE F7 R A o

http://www.scxuebao.cn

4 ZEig

RN TR TR TR N AN EEAR 3 R WD) X7
T2 CBET72.3%. $REURE60 °C. BFAl4 h, W
BHE14 0 1 (mL/g), FELARAE T AR IR 43.48%,
[, 7Ef B P s in— o B LD, AT
ARG VR B R AR, B ER TR
AR A0 B Y T, HL DL 10 21 350 A B A R
i, ATFaEfmitras b EEyE
W, LAMS, FIERmEE i HiR kR
PrAE B S Tl P R TR .
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Extraction of floridoside and the effect of floridoside on
Ctenopharyngodon idella surimi during frozen storage

GAO Yuli, LIJiuling, YAN Xiaojun, YANGRui, ZHANG Chundan, CHEN Haimin '
(Marine Biotechnology Laboratory of Zhejiang Province, Ningbo University, Ningbo 315211, China)

Abstract: To optimize the ethanol extraction conditions of floridoside and to investigate the effect of floridoside
on the myofibrillar protein freezing denaturation of grass crap surimi during frozen storage. Ethanol concentration,
extraction temperature, extraction duration and liquor to material ratio were optimized by response surface
methods. The salt-solubility of myofibrillar protein, sulfhydryl content, and Ca**-ATPase activity, efc in surimi
after being frozen for 6 weeks were detected. Results showed that the optimal extracting condition for floridoside
was 72.3% ethanol with liquor to material ratio of 14:1 (mL/g), the extracting tempreture was 60 °C, and the
extracting time should be 4 h. Under these optimal conditions, the highest extraction ratio was 3.48%. Salt-soluble
protein, sulfhydryl group contents, Ca’"-ATPase activity were effectively enhanced, and the water loss was
decreased by addition of floridoside in surimi. After 4 weeks frozen, salt-soluble protein and sulthydryl group
contents were enhanced by 30.62% and 32.80%; Ca’*-ATPase activity in myofibrillar proteins was reduced by
37.51% in 10% floridoside treated group, while the water loss ratio was 133.07% lower than that of the control
group. This study indicates that floridoside can effectively prevent myofibrillar protein denaturation during frozen
storage.

Key words: Ctenophyngodon idella; surimi; floridoside; response surface method; protein freezing denaturation
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